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Modulation of pain using visual distortion of body size (VDBS) has been the subject of 
various reports. However, the mechanism underlying the effect of VDBS on pain has 
been less often studied. In the present study, factors associated with modulation of pain 
threshold by VDBS were investigated. Visual feedback in the form of a magnified image 
of the hand was provided to 44 healthy adults to examine changes in pain. In participants 
with a higher pain threshold when visual feedback of a magnified image of the hand was 
provided, the two-point discrimination threshold decreased. In contrast, participants with 
a lower pain threshold with visual feedback of a magnified image of the hand experienced 
unpleasant emotions toward the magnified image of the hand. Interestingly, this emotional 
reaction was strongly associated with negative body consciousness in several subjects. 
These data suggested an analgesic effect of visual feedback in the form of a magnified 
image of the hand is only when tactile perception is vivid and the emotional reaction 
toward the magnified image is moderate. The results also suggested that negative body 
consciousness is important for the modulation of pain using VDBS. 

Keywords: pain, body representation, distortion of body size, mirror visual feedback, illusion, body consciousness 



INTRODUCTION 

Pain is a conscious experience. Pain is influenced not only 
by peripheral organs but also by anxiety, fear, attention, and 
expectancy (Tracey and Mantyh, 2007). Therefore, various kinds 
of stimuli (emotional, visual, auditory) modulate the perception 
of pain. For example, unpleasant sounds increase pain intensity 
(Drummond and Willox, 2013), and odor valence increases the 
unpleasant characteristics of the pain (Villemure et al., 2003). Fur- 
thermore, simultaneous administration of visual and pain stimuli 
alters the perception of pain. Meagher etal. (2001) reported 
that viewing expressions of fear and disgust decreases the pain 
threshold. Conversely, experimental pain is decreased when a 
subject views images of a romantic partner (Younger etal., 2010; 
Eisenberger etal., 2011). 

In a recent study, the analgesic effects of body visualization 
notably received attention. Longo etal. (2009, 2012) reported 
decreases in pain intensity, unpleasant emotions associated with 
pain as a result of visual information about the body provided 
concurrently with pain stimulation. In a clinical research study of 
patients with complex regional pain syndrome (CRPS), tactile dis- 
crimination training involved visualization of the body reflected 
in a mirror. A more analgesic effect was observed using this tech- 
nique than using tactile discrimination training alone (Moseley 
and Wiech, 2009). More recently, the analgesic effect for chronic 
lower back pain was better when repeated visual feedback of the 
body during movement of the lumbar spine was used than when 
no visual feedback was used (Wand etal., 2012). Therefore, reha- 
bilitation through motor tasks or perception training combined 
with body visualization is preferable for the treatment of pain. 



Furthermore, some reports suggest that the perception of pain 
is modulated when subjects view distorted images of their body 
size. Moseley etal. (2008a) reported an increase in pain inten- 
sity and swelling during visualization of a magnified image of the 
affected body part during movement in patients with CRPS. This 
study was the first, as per our knowledge, to report pain modu- 
lation through visual distortion of body size (VDBS). However, 
the results of other studies contradict this finding (Ramachan- 
dran etal, 2009; Mancini etal, 2011; Diers etal, 2013). In 
the case of patients with phantom limb pain, no change in 
pain intensity was observed when a magnified mirror image 
of the intact limb was provided; however, visualization of a 
reduced mirror image decreased pain intensity (Ramachandran 
etal, 2009). Mancini etal. (2011) reported that the analgesic 
effect was better with visual feedback using magnification than 
with visual feedback without magnification in healthy subjects. 
Furthermore, in patients with chronic low back pain, although 
viewing actual-sized images of their own trunks on a monitor 
decreased pain intensity, no difference was detected when mag- 
nified and reduced images were presented (Diers etal., 2013). 
Therefore, reports about VDBS for pain modulation vary in their 
results. 

Factors associated with the modulation of pain by VDBS must 
be identified. In a clinical setting for the treatment of patients 
with chronic pain, the effect of this technique may vary consid- 
erably from one individual to another; pain may even increase 
for some patients. In this study, factors associated with variations 
in the effects of visualizing magnified images of body parts were 
examined. 
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With regard to the effects of viewing magnified body images, 
some reports have documented strengthening of somatosensory 
perception (Kennett etal., 2001; Taylor-Clarke etal, 2004; Longo 
and Haggard, 2011). In contrast, some reports have documented 
that viewing of magnified body images can trigger unpleasant 
emotions in individuals suffering from negative body conscious- 
ness and activate areas of the brain that are also active during 
pain, for example, the prefrontal cortex, anterior cingulate gyrus, 
or the insular cortex (Friederich etal., 2010; Miyake etal., 2010; 
Mohr etal, 2011; Spangler and Allen, 2012). Therefore, to 
research factors associated with pain modulation by VDBS, we 
designed experiments from two different perspectives: change in 
"somatosensory perception" and change in "emotion." 

According to the literature, we hypothesized that individ- 
uals with a decreased pain threshold will feel unpleasant on 
viewing their magnified body image, that individuals with an 
increased pain threshold will experience a more vivid somatosen- 
sory perception on viewing their magnified body image, and that 
changes in emotion and somatosensory perception induced by 
viewing a magnified body image is related to body conscious- 
ness. Using a magnified mirror visual feedback technique, we 
collected quantitative data on changes in the two-point discrim- 
ination threshold (TPD) and in self-rated feelings toward the 
affected body part. In addition, qualitative data about emotional 
responses were obtained using open questions such as "How did 
that feel?" and "Were you aware of any changes in either limb?" 
Finally, we studied the relationship between changes in emotion 
and somatosensory perception after exposure to magnified mirror 
visual feedback and with regard to the body consciousness of each 
participant. 

MATERIALS AND METHODS 
PARTICIPANTS 

A total of 44 healthy right-handed students (17 males, 27 females; 
mean age, 21.6 years; SD, 1.7) participated in this study. They were 
recruited for the experiment from the campus of Kio University. 
The study protocol conformed to the Declaration of Helsinki. All 
participants were informed at the start of the study that they could 
discontinue participation at any time during the experiments. We 
explained the details of the experimental procedure but not the 
purpose of the experiment in order to avoid bias in results. Before 
participating, subjects provided written informed consent. This 
study was approved by the ethics committee of Kio University 
Health Science Graduate School (approval number: H24-19). 

THERMAL STIMULUS DEVICE AND MEASUREMENT OF PAIN 
THRESHOLD 

Thermal stimulation of the dorsum of the left hand just prox- 
imal to the knuckle of the index finger (first metacarpal space) 
was delivered by a pain thermometer (UDH-105, Unique Medical, 
Japan). The probe measured 20 mm in diameter and contacted 
the skin at the measurement site. Pain threshold was estimated 
using the method oflimits (Yarnitsky et al., 1995). The probe tem- 
perature was increased from normal skin temperature (constant 
32°C maintained for 20 s) at 1°C per second. The pain threshold 
was identified when participants first perceived the stimulation to 
be painful. For safety, the maximum temperature was limited to 



50° C. In addition, to avoid habituation to contact heat pain stimu- 
lation, pain stimulation was administered to different sites during 
an experimental trial (the center of the dorsum of the left hand) 
before the experimental procedure. 

PROCEDURE 

The magnifying mirror-box technique (Mancini etal., 2011) was 
used in this study to allow visualization of the magnified affected 
body part, in this case, the left hand. Participants were instructed 
to sit at a table with the left arm on the table, where it was reflected 
in a mirror aligned with the sagittal plane. The left arm was posi- 
tioned in such a way that it did not allow visualization of the actual 
left hand. In this position, the participants do not view the exper- 
imental hand, but rather a reflection of the unstimulated hand. 
Therefore, they think that the hand reflected in the mirror is their 
actual left hand (Figure 1). The experiment was conducted under 
two conditions. For visualization of the magnified mirror image 
of the hand (enlarged size condition), a concave mirror with 2x 
magnification was used. For visualization of the unmagnified mir- 
ror image of the hand (actual size or control condition), a normal 
mirror was used. 

First, to allow time to adapt to visualization of the mirror 
image of the hand, participants were instructed to look in the 
mirror while moving their hands bilaterally at a self-selected rate 
for 10 min in each condition. Then, the TPD was measured with 
visualization of the mirror image of the dorsum of the left hand. 
TPD was performed reference from Moberg (1990). A mechanical 
caliper with a precision of 1 mm was applied until the very first 
blanching of the skin appeared around the prongs. Testing com- 
menced with 30 mm between the two points of the caliper, and the 
distance was decreased in 1-mm increments until the subject was 
able to perceive one point instead of two. They were instructed to 
provide a verbal indication when two points were felt. The smallest 
distance was designated as the point of TPD. 

Third, the pain threshold of the left hand behind the mirror was 
measured. A fake thermode probe was simultaneously applied to 
the right hand at the location corresponding to that on the left 
hand. In this experiment, the pain threshold was measured four 



Actual size condition 

mirror image 



Enlarged size condition 

magnified mirror image 





FIGURE 1 | Schema of the experimental paradigm setup in this study. 

Subjects whose pain threshold and two-point discrimination threshold 
were measured during visualization of a mirror image of the hand under an 
actual size condition (A) and an enlarged size condition (B). 
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times at 1 -min intervals, and the mean temperature was designated 
as the pain threshold. 

In addition to this procedure, three questionnaires associated 
with the illusion of ownership of the mirror image of the hand were 
distributed to participants. Three items on this questionnaire were 
adopted from the research of Longo et al. (2009) and Eisenberger 
etal. (2011): (1) It felt like I was looking directly at my hand rather 
than at a mirror image, (2) It felt like the hand I was looking at was 
my hand, (3) Did it seem like the hand you saw was a right hand or 
a left hand? One questionnaire item was associated with the feeling 
toward the mirror image of the hand (feelings toward the hand), 
and (4) What is your impression of the hand you see? Participants 
rated their agreement with items 1 and 2 on a 7-point Likert scale 
ranging from +3 (strongly agree) to -3 (strongly disagree). For 
item 3, responses were scored on a scale from -100 (strong feeling 
of viewing the right hand) to 100 (strong feeling of viewing the 
left hand). For item 4, responses were scored on a scale from -100 
(strongly undesirable) to 100 (strongly desirable). The conditions 
were randomly ordered to avoid bias. 

In the enlarged size condition only, to examine qualitative 
changes in subjective perception of and emotional reaction to the 
magnified mirror image of the hand, participants were asked a 
series of open questions adopted from another study: "How did 
that feel?" followed by the further prompt, "Were you aware of 
any changes in either limb?" (McCabe etal., 2005, 2007). Partici- 
pants were asked these questions after we acquired measurements 
of TPD and pain threshold. No specific direct inquiry was made 
about possible sensory changes to prevent leading of the subjects 
and avoid inducing a possible source of bias. 

SELF-REPORTED QUESTIONNAIRES 

To investigate the body consciousness of each participant, the 
body shape questionnaire (BSQ) and body attitudes questionnaire 
(BAQ) were used (Cooper etal., 1987; Ben-Tovim and Walker, 
1991). The BSQ is used to estimate the obsessiveness of the shape 
and appearance of one's body. High scores on this questionnaire 
indicate strong obsessiveness to the shape and appearance of one's 
body. The BAQ is used to estimate a subject's thought about the 
body. High scores on this questionnaire indicate negative thoughts 
about the body. BSQ and BAQ have been used in various countries 
to study healthy individuals as well as those suffering from eating 
disorders, with satisfactory reliability and validity (Traverso et al., 
2000; Wade etal, 2003; Ghaderi and Scott, 2004; Burgess etal, 
2006; Smeets et al., 2009; Akdemir et al., 2012; Welch et al, 2012). 

STATISTICAL ANALYSIS 

First, to ensure that participants were convinced that the mirror 
image represented their own hand, their agreement or disagree- 
ment with the three questionnaire items was evaluated using /--tests 
that compared the score for each item and condition with 0. 
To determine whether the illusion of body ownership differed 
between conditions, agreement or disagreement with the three 
questionnaire items was evaluated using /-tests that compared the 
scores for actual and enlarged sizes for each item. 

To investigate factors associated with the change in pain thresh- 
old under the Enlarged size condition, participants were grouped 
into high or low threshold groups according to the variations in 



pain thresholds among conditions. Subjects in the high threshold 
group exhibited a higher pain threshold under the enlarged size 
condition than under the actual size condition (n = 23). Subjects 
in the low threshold group exhibited a lower pain threshold under 
the enlarged size condition than under the actual size condition 
(» = 21). 

Qualitative data generated from subjects' responses to the open 
questions about the magnified mirror image of the hand were 
tabulated in Microsoft Excel and analyzed using content analysis 
(McCabe et al., 2005, 2007). Subjects were each allocated a unique 
code, and responses to the open questions were typed against the 
individual's code under the relevant stage in the protocol. Then, 
the number of individuals allocated each code by content analysis 
was compared between the high and low threshold groups using 
Fisher's exact test. 

TPD and feelings toward the hand were analyzed using two-way 
repeated-measures ANOVA for two binary factors, group (high 
and low threshold groups) and condition (actual and enlarged 
size conditions). The Bonferroni method was used for post hoc 
comparisons. 

To investigate the relationship between the variations in feelings 
toward the hand, TPD, and body consciousness, the Spearman cor- 
relation coefficient was used to analyze correlations among BSQ 
and BAQ scores and variations in feelings toward the hand and 
TPD. Variations in feelings toward the hand and TPD were calcu- 
lated by subtracting the value for the enlarged size condition from 
that for the actual size condition. 

All results are reported as means ± standard deviations. Statis- 
tical analysis was performed with SPSS ver. 17.0 (SPSS, Chicago, 
IL, USA). An alpha level of 5% was considered as statistically 
significant. 

RESULTS 

PAIN THRESHOLD 

In the high threshold group, the pain threshold under the 
actual size and enlarged size conditions was 44.66 ± 2.58°C and 
46.03 ± 2.95°C, respectively. In the low threshold group, the 
pain threshold under these conditions was 44.27 ± 2.09° C and 
43.01 ± 2.26°C, respectively. To validate the group assignments, 
we compared the pain thresholds of the two groups using Student's 
unpaired f-test for each condition. There were no significant dif- 
ferences in pain threshold between groups under the actual size 
condition (f = -0.67, p = 0.50). In contrast, there were signifi- 
cant differences (f = -3.77, p < 0.001) in pain threshold between 
groups under the Enlarged size condition. 

DEGREE OF ILLUSION UNDER EACH CONDITION 

Under the actual size condition, scores for the illusion of body 
ownership were as follows: item 1, 1.59 ± 1.22; item 2,2.11 ± 0.86; 
and item 3, 57.72 ± 34.81. Under the actual size condition, for all 
three items, the actual size mirror produced the illusion of body 
ownership with the following scores: item 1, t = 8.61, p < 0.001; 
item 2, t = 16.14, p < 0.001; and item 3, t = 11.01, p < 0.001. 
Under the enlarged size condition, scores for the illusion of body 
ownership were as follows: item 1, 0.91 ± 1.44; item 2, 1.20 ± 1.45; 
and item 3, 43.29 ± 33.74. Under the enlarged size condition, for 
all three items, the enlarged mirror produced the illusion of body 



Frontiers in Human Neuroscience 



www.frontiersin.org 



March 2014 | Volume 8 | Article 137 | 3 



Osumi etal. 



Visual distortion of body size 



ownership with the following scores: item 1, f = 4.18, p < 0.001; 
item 2, t = 5.49, p < 0.001; and item 3, t = 8.51, p < 0.001. 
However, the score for the illusion of body ownership under the 
actual size condition was higher than that under the enlarged size 
condition for all items: item l,t= 3.32, p = 0.002; item 2, t = 3.78, 
p < 0.001; and item 3, t = 2A5,p= 0.03. 

QUALITATIVE DATA UNDER THE ENLARGED SIZE CONDITION 

Table 1 shows the code compiled from responses to open questions 
about the magnified mirror image of the hand and the number 
of subjects allocated to each code. More participants in the high 
threshold group responded that they felt nothing special. In the 
low threshold group, more participants responded that they felt 
unpleasant emotions (p < 0.05). 

FEELINGS TOWARD THE MIRROR IMAGE OF THE HAND 

Statistical analysis using two-way repeated ANOVA showed a sig- 
nificant main effect of condition (F = 23.51, p < 0.001), but 
not of group (F = 2.54, p = 0.115). There was a significant 
interaction between condition and group (F = 13.35, p < 0.001; 
Table 2; Figure 2A). Post hoc tests indicated a significant differ- 
ence between the actual size and enlarged size conditions in the 
low- threshold group (p < 0.001) but not in the high-threshold 
group (p = 1.336). In addition, a significant difference was also 
observed between the high-threshold and low-threshold groups 
under enlarged size conditions {p = 0.006) but not under actual 
size conditions (p = 0.437). Therefore, compared with subjects in 
the high threshold group, subjects in the low threshold group had 
a more negative impression of the magnified mirror image of the 
hand under the enlarged size condition than under the actual size 
condition. 

TWO-POINT DISCRIMINATION THRESHOLD 

Statistical analysis using two-way repeated ANOVA did not show 
a significant main effect of condition (F = 1.72, p = 0.18) or 
group {F = 1.82, p = 0.19). However, a significant interaction 
between condition and group (F = 4.05, p = 0.04) was detected 
(Table 2; Figure 2B). Furthermore, post hoc tests indicated a sig- 
nificant difference between actual and enlarged size conditions 



in the high-threshold group (p < 0.001), but not in the low- 
threshold group (p = 1.453). Moreover, post hoc tests did not 
report any significant difference between the high-threshold and 
low- threshold groups under enlarged size conditions {p = 0.111) 
or actual size conditions (p = 2.503). Therefore, subjects in 
the high threshold group experienced more vivid somatosen- 
sory perception under the enlarged size condition than actual size 
condition. 

CORRELATION ANALYSIS 

Table 3 shows the results of correlation analysis of variations in 
feelings toward the hand, TPD (actual size condition value sub- 
tracted from the enlarged size condition value), and BSQ and 
BAQ scores. A significant negative correlation was found between 
variations in feelings toward the hand and BAQ scores in both 
groups (p < 0.05). In contrast, a significant negative correla- 
tion between variations in feelings toward the hand and BSQ 
scores was found only in the low threshold group {p < 0.001; 
Figure 3). 

DISCUSSION 

In the present study, research factors associated with the modu- 
lation of pain by visualization of a magnified image of the hand, 
changes in emotional reaction and somatosensory perception were 
compared between groups with high and low pain thresholds. The 
number of subjects who reported "unpleasant with large" on visu- 
alizing a magnified image of the hand was greater in the latter 
group than in the former group (Table 1). In addition, these sub- 
jects had a more negative impression of the magnified image of 
the hand than of the hand visualized at its actual size (Table 2; 
Figure 2A). On the other hand, the number of subjects who pro- 
vided responses like "nothing special" during visualization of a 
magnified image of the hand was greater in the high threshold 
group than in the low threshold group (Table 1 ) . This was also true 
for vividness of somatosensory perception (Table 2; Figure 2B). 
Therefore, in the low threshold group only, subjects with strong 
obsessiveness toward the shape and appearance of their own bodies 
had a negative impression of the magnified mirror visual feedback 
(Figure 3). 
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FIGURE 2 | Feelings toward the hand (A) andTPD (B) under actual size and enlarged size conditions in both the high threshold (orange bar) and low 
threshold (green bar) groups. Error bar is SD. 
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FIGURE 3 | Correlations among (A) BSQ score, (B) BAQ score, and change in feelings toward the hand in the low threshold group. Data indicate 
significant correlations among parameters (p < 0.01). 



FACTORS ASSOCIATED WITH INCREASED PAIN ON VISUALIZATION OF 
A MAGNIFIED MIRROR IMAGE OF THE HAND 

In the present study, the increased pain on visualization of a mag- 
nified mirror image of the hand was associated with a negative 
emotional reaction (Table 1; Figure 2A). Pain is modified by 
expectations, context, and other cognitive and affective processes 



(Koyama etal, 2005; Brown etal, 2008; Atlas etal., 2010). For 
example, humans feel pain more strongly than they feel the actual 
pain stimulation when they are told that the pain will be strong 
(Koyama etal., 2005). The analgesic effect of visualizing the body 
is reportedly obstructed in contexts that elicit negative emotional 
reactions (Hofle et al, 2010, 2012; Martini et al., 2013). Hofle et al. 



Table 1 | Response frequencies for magnified mirror image of the hand in both the high threshold and low threshold groups. 



High threshold group [n = 23) Low threshold group (n = 21) 


p-value 


Lightweight 3 (6.8%) 


1 (2.3%) 




0.33 


Strength 4(9.1%) 


1 (2.3%) 




0.20 


Vaguely unpleasant 1 (2.3%) 


1 (2.3%) 




0.73 


Unpleasant with swelling 2(4.5%) 


6 (13.6%) 




0.09 


Unpleasant with asymmetry 0 (0%) 


2 (4.5%) 




0.22 


Unpleasant with large 1(2.3%) 


8 (18.1%) 




0.01 


Nothing special 12 (27.2%) 


2 (4.5%) 




0.01 


Significant at p < 0.05. The percentage of subjects allocated to each code (n = 44) is indicated in parentheses. 


Table 2 | Comparison of TPD and Feeling toward the hand under actual size and enlarged size conditions between the high threshold and low 
threshold groups. 




Actual size condition Enlarged size condition 


Group x Condition 








F-value p-value 


Feelings toward the hand High threshold group 


20.09 (26.82) 


10.74 (40.41) 


13.35 <0.001 


Low threshold group 


36.19(37.96) 


30.28 (40.06) 




TPD High threshold group 


1.33 (0.29) 


1.08 (0.21) 


4.05 0.04 


Low threshold group 


1.28 (0.37) 


1.33 (0.47) 





Values are means (SD). Significant at p < 0.05. 
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(2012) reported an increase in pain intensity in contexts where 
fear of pain was elicited despite viewing the body. Martini et al. 

(2013) used a virtual reality system and found that viewing the 
arm turning red in association with injury decreased the pain 
threshold. In addition, Moseley etal. (2012) reported that the 
implicit perception of threat to body tissues caused increased pain 
and swelling by visualization of a magnified mirror image of the 
hand in patients with CRPS. Added to which, changes in pain 
due to bias and context may be similar to changes in pain due 
to negative emotions about the body. For example, for people 
with feelings of dislike about their bodies, the autonomic ner- 
vous response is overactivated when a pinprick is applied to a 
disliked body part (Brang et al., 2008). From these reports, previ- 
ous research has suggested that pain may be increased by negative 
emotions about the body. In the present study, participants in the 
low threshold group had a spontaneous negative reaction to the 
magnified image of the hand, which elicited negative emotions 
about the body. Therefore, the pain threshold may have decreased 
accordingly. 

FACTORS ASSOCIATED WITH DECREASED PAIN ON VISUALIZATION OF 
A MAGNIFIED MIRROR IMAGE OF THE HAND 

In the present study, decreased pain on visualization of a magni- 
fied mirror image of the hand was associated with more vivid 
perception (Figure 2B). Several studies have reported similar 
results; for example, visualizing a magnified mirror image of 
the hand decreased TPD in many subjects (Kennett etal., 2001; 
Taylor-Clarke et al, 2004; Longo and Haggard, 201 1). These stud- 
ies indicate that the experience of viewing one's magnified body 
image contributes to the vividness of somatosensory perception. 
In contrast, TPD increases in patients with CRPS, chronic low 
back pain, and osteoarthritis (Vartiainen etal., 2009; Luomajoki 
and Moseley, 20 11; Stanton et al.,2013). Therefore, somatosensory 
perceptual vividness in patients with chronic pain is decreased. 
Indeed, amelioration of pain in patients with chronic pain is 
associated with increased somatosensory perceptual vividness 
by tactile discrimination training (Barker etal., 2008; Moseley 
etal., 2008b; Moseley and Wiech, 2009). Therefore, increased 
somatosensory perceptual vividness may be associated with an 
analgesic effect. In the present study, the pain threshold of 
participants may have been higher because participants in the 
high threshold group experienced more somatosensory percep- 
tual vividness during visualization of the magnified image of the 
hand. 



RELATIONSHIP WITH BODY CONSCIOUSNESS 

In the present study, subjects with higher BAQ scores in both 
groups had stronger negative impressions toward the magnified 
mirror image of the hand (Table 3). The BAQ score is indicative 
of thoughts about the body, such as degree of health, enchant- 
ment (Ben-Tovim and Walker, 1 99 1 ) . Therefore, people with more 
negative body consciousness reported that felt stronger unpleas- 
ant emotions about the magnified mirror image of the hand. In 
a study of subjects with eating disorders and negative body con- 
sciousness, magnified images of the entire body elicited unpleasant 
reactions (Friederich etal., 2010; Miyake etal, 2010; Mohr etal., 
2011; Spangler and Allen, 2012). In the present study, although 
only the hand was subjected to painful stimulation, a similar rela- 
tionship was observed between negative body consciousness and 
unpleasant emotional reactions during visualization of a magni- 
fied image of the affected body part. Interestingly, a higher BSQ 
score was associated with a stronger negative impression toward 
the magnified mirror image of the hand only in the low threshold 
group. BSQ scores are indicative of the obsessiveness of the shape 
and appearance of one's body (Cooper et al., 1987). Eshkevari et al. 
(2012) reported that individuals who obsess strongly about their 
appearance possess heightened sensitivity to visual information 
and increased perceptual plasticity about their bodies. Further- 
more, Ainley and Tsakiris (2013) reported that self-objectification 
accounts for the poor interoceptive awareness. However, there 
are no available data, to our knowledge, that define the rela- 
tionships among personality, emotional reaction to a magnified 
image of the body, and changes in pain perception induced by 
visualization of a magnified image of the body. Furthermore, dis- 
tortion of subjective body size is one of the factors that influences 
chronic pain (Moseley, 2005; Lewis etal, 2007; Peltz etal, 2011; 
Bailey etal., 2013). For example, Moseley (2005) were the first 
to report that patients with CRPS estimated their own affected 
hand to be larger than it actually was. However, no research 
has been conducted on the psychological features associated with 
pain on viewing a magnified image of the body. In contrast, the 
present study reveals that the strong obsessiveness of the shape 
and appearance of one's body was related to the strong unpleas- 
ant emotional reaction to a magnified image of the body only in 
individuals with increased pain induced by viewing a magnified 
image of their body. The results of the present study offer some 
insight into these features. Pain exacerbation during VDBS maybe 
related to the obsessiveness of the shape and appearance of one's 
body. Therefore, careful attention is required during application 



Table 3 | Correlation among BSQ score, BAQ score, variation of Feelings toward the hand, and TPD in both the high threshold and low threshold 
groups. 







Feelings toward the hand, r (p) (enlarged size-actual size) 


TPD, r (p) (enlarged size-actual size) 


High threshold group 


BSQ 


-0.28 (0.19) 


0.19 (0.36) 




BAQ 


-0.44 (0.03)* 


0.26 (0.21) 


Low threshold group 


BSQ 


-0.67 (<0.001)** 


0.33 (0.13) 




BAQ 


-0.77 (<0.001)** 


0.31 (0.17) 



*p < 0.05, **p < 0.01, r: Spearman's rank correlation coefficient. BSQ, body shape questionnaire; BAQ, body attitudes questionnaire. 
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of this technique to the rehabilitation of patients with strong 
obsessiveness. 

Many studies have reported on the effects of visualization of 
the magnified image of the body on pain. The results of these 
reports have varied. Some reported decreased pain (Mancini et al., 
2011), others reported increased pain (Moseley et al, 2008a), and 
yet others reported no change (Ramachandran et al., 2009; Diers 
etal., 2013). The present study showed that various factors may 
be associated with these effects. Subjects may have gained relief 
from pain because of their vivid somatosensory perceptions dur- 
ing visualization of the magnified mirror image, while others may 
have experienced greater pain and negative emotions toward the 
magnified image of the hand. In addition, the importance of con- 
sidering body consciousness was emphasized in this study. These 
results may be useful when applying the technique of VDBS in 
a clinical setting for patients with chronic pain. Recent reports 
have shown the positive effects of perception or motor training 
combined with the visual feedback of the body to chronic pain 
(Moseley and Wiech, 2009; Wand etal., 2011, 2012; Moseley and 
Flor, 2012). With regard to perception or motor training combined 
with visual feedback, the effects of vividness of somatosensory 
perception or decrease in pain by viewing the body was utilized 
(Serino et al, 2007; Longo et al, 2009). This study showed that pain 
decreased in individuals with vivid somatosensory perception on 
viewing a magnified image of their body. Therefore, the magnified 
mirror visual feedback technique combined with motor and per- 
ceptual training may provide an analgesic effect only if negative 
emotions are not elicited. However, more research is required on 
patients with chronic pain. 

This study had several limitations. First, changes in emotion 
were measured during visualization of the magnified mirror image 
of the hand using a subjective battery of questions. Changes in 
automatic nerve and pain matrix activity were not directly mea- 
sured. Therefore, future research including measurement of skin 
conductance and functional magnetic resonance imaging or elec- 
troencephalography must be conducted. Second, although TPD 
was measured as the change in perception during visualization, 
somatotopic representation in the primary somatosensory cortex 
was not measured. Therefore, research into plastic change and 
somatotopic representation in the primary somatosensory cortex 
must be performed using functional magnetic resonance imag- 
ing. Third, the effects of visualization of the magnified image 
of the body in patients with chronic pain must be investigated. 
Fourth, we did not show subjects an enlarged image of the hand 
using photographs, for example. We did show them a magnified 
mirror image of an enlarged hand because there were difficult 
subjects who felt like looking at their left hand. Fifth, we only 
used the left hand as the experimental hand. Sixth, we did not 
compare TPD when the body was viewed using TPD with the 
eyes closed. Seventh, although bias was minimalized as much as 
possible, there were sources of bias. Because the TPD values in 
this study were smaller than those published previously, we did 
not conduct a blind assessment or include a manipulation check. 
Eighth, we only evaluated pain threshold as an objective index. 
Although the evaluation of pain intensity using a rating scale 
can be informative, it was difficult to evaluate both because of 
mutual interference. Ninth, because subjects in this experiment 



were college students, the results cannot be generalized to the 
rest of the population. Ten, although participants felt the mirror 
image was their actual left hand in both of actual and enlarged 
size condition, the degree of illusion of body ownership under the 
actual size condition was stronger than that under the enlarged size 
condition. 

This present study is the first, to our knowledge, to inves- 
tigate the factors associated variability in the effects of VDBS 
on pain modulation. We found that VDBS increased pain to 
an unpleasant level that was related to the subject's obsession 
with their body shape and appearance. In contrast, vividness of 
somatosensory perception decreases the perception of pain. In 
conclusion, although VDBS is useful for the management of pain, 
its limitations must be taken into account. 
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